In a survey of chemical components from useful plants grown in western North America, we have identified a number of various types of phenolic compounds (nine phenylpropanoids, six neolignans, and seven flavonoids) in their glycoside form from the aerial parts of Juniperus communis var. depressa (Cupressaceae) and those results were reported in our previous papers.
Chart 1 structure of the aglycone is the same as that of a known monoterpene, oleuropeic acid. 6) The absolute configuration of the aglycone was decided as follows. On enzymatic hydrolysis with emulsin from almond (b-glucosidase), 1 gave the corresponding genuine aglycone which showed a negative-signed optical rotation of Ϫ51.4°. A comparison of this observed rotation with the reported values for (Ϫ)-S-oleuropeic acid (Ϫ114°) and its (ϩ)-R-isomer (ϩ46.5°) prepared synthetically from (Ϫ)-b-pinene and (ϩ)-a-pinene, respectively, via the microbial transformations 6) indicated the aglycone to be (Ϫ)-S-oleuropeic acid. The cross peaks between the anomeric proton and each of the two tert methyls in nuclear Overhauser enhancement spectroscopy (NOESY), together with the HMBC correlation between the anomeric proton and C-8, demonstrated that the glucosyl moiety is bonded to the alcoholic group (8-OH) of the aglycone through the glycosidic linkage. In conclusion, 1 is defined as Compound 2, a white powder, [a] D ϩ85.9°, gave a quasimolecular ion peak, [MϪH] Ϫ , at m/z 401 in the FAB-MS (negative mode). The HR-FAB-MS in the same mode revealed the molecular formula to be C 19 H 30 O 9 . In addition, the FAB-MS (negative mode) also afforded a significant fragment peak at m/z 239, arising from the loss of a hexosyl unit from the quasimolecular ion. The 1 H-and 13 C-NMR spectral data were analyzed with the aid of 2D (Table 2) . Based on Table 2 , the presence of the b-D-glucopyranosyl moiety was demonstrated as the sugar part of 2. 4, 5) On the other hand, the aglycone part contained the following structural fragments: a tert methyl [ Fig. 1) , a megastigmane-type planar structure as shown in Fig. 1 constituted the aglycone part structure. This planar structure contained three asymmetric carbons of C-1, C-6, and C-9, among which the absolute configuration at C-6 was first determined as follows. The CD spectrum of 2 exhibited a positive-signed Cotton effect (De ϩ9.88) at 245 nm, consistent with the b-orientation of the side chain including a 7(8)-double bond (thus the 6R configuration) according to the reported evidence.
7) The NOESY spectrum of 2 ( Fig. 1 ) gave three significant cross peaks (H-7/H 3 -12, H-7/H-2b, and H 3 -12/H-2b), suggesting that the tert methyl (C-12) attached at C-1 is b-oriented (thus the 1R 784 Vol. 53, No. 7 (Table 2) were also consistent with the established structure of 2a shown in Fig. 2 (at this stage, the absolute configuration at C-9 in 2a is uncertain). The remaining structural problem, i.e., the absolute configuration at C-9 of 2a was determined according to the modified Mosher's method. 8) Treatment of 2a with (R)-(Ϫ)-and (S)-(ϩ)-a-methoxy-a-(trifluoromethyl)-phenylacetyl chloride (MTPA chloride) gave the corresponding 9-(S)-MTPA ester (2b) and 9-(R)-MTPA ester (2c), respectively. Differences between 2b and 2c in 1 H-NMR chemical shifts, i.e., Dd values of dSϪdR, depicted in Fig. 2 , suggested that the absolute configuration at C-9 in 2a (accordingly, in 2) is S. 8) Finally, the position of the glucosyl residue on the aglycone was made clear on the basis of the following NOESY and HMBC experiments (Fig. 1 ). The NOESY cross peak between H-1Ј and H 2 -11 and the HMBC correlation between H-1Ј and C-11 indicated that the glucose is connected to the hydroxy group at C-11 on the aglycone. Based on the accumulated evidence, 2 is defined as (1R,6R,9S)-6,9,11-trihydroxy-4,7-megastigmadien-3-one 11-O-b-D-glucopyranoside. Recently, a megastigmane glucoside designated 6-hydroxy-junipeionoloside, with the same planar structure as 2, was isolated from Juniperus phoenicea. 9) However, the stereostructure of 6-hydroxy-junipeionoloside was not established and no chiroptical data (optical rotation, CD evidence, etc.) on this compound was provided in that report. 9) Therefore it is impossible to discuss the identity between 6-hydroxy-junipeionoloside and 2 at present. Table 2 . These established assignments (Table 2) suggested that 3 is constituted of a b-D-glucopyranosyl residue 4, 5) and a megastigmane aglycone with a planar stucture shown for 3a in Fig. 2 . Furthermore, the presence of the NOESY cross peak between H-1Ј and H-3 and HMBC correlation between H-1Ј and C-3 demonstrated the glucosyl moiety to be connected to the 3-OH group of the aglycone through a glycosidic linkage. The absolute configurations at C-3 and C-9 of the aglycone were determined as follows. On enzymic hydrolysis, 3 gave the corresponding genuine aglycone (3a), which was subjected to the Mosher's procedure in the same manner as in the case of 2a. A difference between the 3,9-di-(S)-MTPA ester (3b) and 3,9-di-(R)-MTPA ester (3c) in chemical shifts was indicative of the 3R, 9S configurations (Fig. 2) . 8) Based on the above-mentioned combined evidence, 3 is now defined as (3R,9S)-megastigman-5-en-3,9- Ϫ ion at m/z 505.2651 in HR-FAB-MS (negative mode). In a similar manner as in the case of 3, the 1 H-and 13 C-NMR spectra were analyzed in detail and as a result, all protons and carbons of 4 were assigned as shown in Table 2 . Based on the assignments, the presence of b-D-glucopyranosyl and a-L-arabinofuranosyl moieties 4, 5) as the sugar part of 4 were revealed along with megastigmane-type aglycone with the same plane structure as the aglycone (3a) of 3. The subsequent NOESY and HMBC studies suggested that a-L-arabinofuranosyl-(1→6)-b-D-glucopyranosyl moiety is bonded to the 3-quasi-equatorial hydroxy group of the aglycone (Fig. 3) . Due to a shortage in the isolated amounts of 4, Mosher's procedure could not be applied to determine the absolute configurations at C-3 and C-9 of the aglycone. However, a detailed comparison of the Antibacterial activities of 1, 2, 3, 5, and hinokitiol against three strains of Helicobacter pylori (NCTC11637, NCTC11916, and OCO1) were evaluated by measurement of the minimum inhibitory concentration (MIC value), 11) and the results are shown in Table 3 . One (3) of the new megastigmane glucosides showed potent inhibition (MIC valueϭ50 mg/ml) comparable to those of natural and synthetic hinokitiol as positive controls. Both the new monoterpene glucoside (1) and the other new megastigmane glucoside (2) also had mild anti-H. pylori activity (MIC valueϭ100 mg/ml). However, the MIC value of the known megastigmane glucoside (5) was greater than 200 mg/ml, indicative of no activity. The inhibitory activities of natural products against H. pylori have been investigated in earnest for about the last 10 years, but it is reported here for the first time that the glucosides of lower terpenes such as 1, 2, and 3 show potent or mild anti-H. pylori activity. Furthermore, we expect that the present results may contribute to development of new anti-H. pylori drugs. C at 100 MHz) spectrometer. Chemical shifts are given in d values (ppm) relative to tetramethylsilane (TMS) as an internal standard. FAB-and HR-FAB-MS spectra in negative mode (matrix, triethanolamine or glycerin), along with EI-and HR-EI-MS spectra, were obtained with a JEOL JMS-700T spectrometer. Optical rotations were determined on a JASCO DIP-140 polarimeter and CD spectra were recorded on a JASCO J-820 spectropolarimeter. GLC was carried out on a Shimadzu GC-7AG under the following conditions: capillary column, TC-1 (0.32 mm i.d.ϫ30 m, GL Sciences Inc.); detector, hydrogen flame ionization detector; column temperature, 230°C; injection temperature, 250°C; and carrier gas, N 2 . For column chromatography, silica gel 60 (230-400 mesh, Merck), Chromatorex ODS DM1020T (100-200 mesh, Fuji Silysia), and Sephadex LH-20 (Amersham Biosciences) were used. Kiesel gel 60 F 254 (Merck) and RP-18 F 254 (Merck) were used for analytical TLC. Preparative HPLC was performed on a JAI LC-918 instrument with an RI-50 differential refractometer and a JAIGEL-ODS or a JAIGEL-GS 310 column, and also on a JASCO PU-2086 instrument with an RI-2031 differential refractometer and a TSK gel ODS-80 T S column. The b-glucosidase (almond emulsin) and cellulase used in this work were commercially obtained from Sigma-Aldrich Japan Co. and Nagase Co. Ltd., respectively.
Plant Material Twigs with leaves of J. communis var. depressa were collected in July 1997, in Oregon, U.S.A. A voucher specimen (Murata J. et al., No. 053) was deposited in the Herbarium, Botanical Gardens, The University of Tokyo (TI), Japan.
Extraction and Isolation The dried and cut materials (2.4 kg) were extracted three times with MeOH (18 lϫweekly) at room temperature. The MeOH solution was evaporated in vacuo to afford a dark greenish extract (488 g), an aliquot (202 g) of which was partitioned between n-hexane and MeOH. The MeOH-soluble part (130 g) was further partitioned between nBuOH and water. The resulting n-BuOH extract (76 g) was chromatographed on silica gel and eluted with CHCl 3 -MeOH-H 2 O (7 : 3 : 1, a lower phase) to give 10 fractions (for each fraction, the abbreviations from A to J are used). Fraction F (6.2 g) was subsequently fractionated with silica gel column chromatography [CHCl 3 -MeOH-H 2 O (9 : 3 : 1, a lower phase)] into two fractions. The latter fraction obtained was further separated with Sephadex LH 20 column chromatography (eluted with MeOH) and subsequent ODS column chromatography (eluted with 50% MeOH) into three subfractions. Subfraction 2 was further purified with HPLC (JAIGEL-ODS column; 50% MeOH as an eluent) to give 3 (40.8 mg). Subfraction 3 was purified by repeated HPLC separation [JAIGEL-GS column (eluted with 50% MeOH), followed by a TSK gel ODS-80Ts column (50% MeOH)] to yield known 5 (56.2 mg). Fraction H (10.8 g) was divided into 13 fractions (from H-1 to H-13) with ODS column chromatography eluted with 50% MeOH. Fraction H-6 (1.96 g) was applied to a Sephadex LH-20 column eluted with 80% MeOH to afford two fractions. The first fraction obtained from fraction H-6 was further separated on an ODS column (eluted with 50% and 70% MeOH, successively) to give four subfractions. Subfraction 1 was further purified by repeated HPLC separation using JAIGEL-ODS (eluted with 50% MeOH) and JAIGEL-GS (eluted with 50% MeOH) columns to give 1 (124.7 mg). Subfraction 3 was purified on a Sephadex LH-20 column (eluted with MeOH) and HPLC separation (JAIGEL-GS column; 50% MeOH as an eluting agent) to afford 4 (4.2 mg). Fraction H-8 (1.77 g) was subjected to ODS column chromatography eluted with 50% MeOH to be divided into six fractions. The first fraction obtained was purified by HPLC separation using JAIGEL ODS (eluted with 50% MeOH) and subsequent JAIGEL-GS (eluted with 50% MeOH) columns to give 2 (62.9 mg). NMR spectral data of 5 were in agreement with those reported for corchoionoside C [ϭ(6S,9S)-roseoside A].
3)
Enzymatic Hydrolysis of 1 A solution of 1 (20.0 mg) in water (2 ml) was incubated with b-glucosidase (almond emulsin; 10 mg) at 37°C for 17 h. The reaction mixture was poured into a large amount of water and extracted with AcOEt. The solvent of the extract was evaporated to dryness under reduced pressure to give the corresponding aglycone 1a (8.5 30 (6H, s, H 3 -9, H 3 -10), 1.40 (1H, m, H-5), 1.71  (1H, m, H-4), 2.20 (2H, m, H-3, H-5), 2.46 (2H, m, H-3, H-6 Enzymatic Hydrolysis of 2 A solution of 2 (14.9 mg) in water (2 ml) was incubated with cellulase (20 mg) at 37°C for 43 h. The reaction mixture was poured into a large amount of water and extracted with AcOEt. The solvent of the extract was evaporated to dryness under reduced pressure to give an artifact aglycone 2a (3.2 mg) 1 H-and 13 C-NMR data are given in Table 2 . Preparation of (S)-MTPA Ester (2b) and (R)-MTPA Ester (2c) from 2a To a solution of 2a (1.6 mg) in pyridine (0.5 ml), (R)-(Ϫ)-MTPA chloride (40 ml) was added and the reaction mixture was allowed to stand for 25 h at room temperature. After the solvent was evaporated in vacuo, the resulting residue was extracted with a mixture of ether and water. The ether layer was washed with brine and dried over MgSO 4 . After evaporation of ether, the residue was purified with silica gel column chromatography eluted with a mixture of n-hexane and acetone (2 : 1) to give the corresponding 9-(S)-MTPA ester (2b) (3.0 mg), a colorless oil. Enzymatic Hydrolysis of 3 A solution of 3 (6.0 mg) in water (2 ml) was incubated with b-glucosidase (almond emulsin; 10 mg) at 37°C for 16.5 h. The reaction mixture was poured into a large amount of water and extracted with AcOEt. The usual work-up and purification of the AcOEt layer gave the corresponding genuine aglycone 3a (3. 2 mg) 4 A solution of each of 1-4 (each 2.0 mg) in 2 M HCl-EtOH (1 : 1; 0.5 ml) was stirred under reflux for 2 h. The solution was extracted with EtOAc and water. The resulting aqueous layer was neutralized with Amberlite IRA-93ZU (Organo Co., Ltd.) and evaporation of the water gave a monosaccharide residue that was subjected to the preparation of the corresponding thiazolidine derivative, followed by trimethylsilylation and GLC analysis, according to the reported procedure.
5)
The D-configuration for glucose obtained from each of 1-4 and the L-configuration for arabinose from 4 were determained, respectively, based on a direct comparison with D-and L-standards of glucose (t R : D-Glc, 13 min 15 s; t R : L-Glc, 13 min 54 s) and arabinose (t R : D-Ara, 8 min 13 s; t R : L-Ara, 7 min 39 s).
Bioassay. Bacteria and Broth Helicobacter pylori NCTC11637, H. pylori NCTC11916, and H. pylori OCO1 were used in the present assay. Brucella broth and Brucella agar (Becton Dickinson Co., Ltd.) were used for preincubation of H. pylori and for the measurement of MIC, respectively.
Measurements of MIC of 1, 2, 3, and 5 MIC values were determined using the agar dilution method. 11) Each of the samples (1, 2, 3, and 5, and both natural and synthetic specimens of hinokitiol as positive standards) was dissolved individually in dimethylsulfoxide (0.5 ml) and added to sterilized distilled water, giving a sample solution of 200 mg/ml that was diluted with sterilized distilled water according to the two-fold dilution method to afford 100, 50, and 25 mg/ml of solutions, respectively. To each sample solution (1 ml) at various concentrations in each Petri dishes, sterilized albumin solution (250 mg/50 ml; 1 ml) and sterilized Brucella agar (8 ml) were added and mixed. H. pylori suspension 50 ml (about 1.0ϫ10 7 cells/ml) was inoculated into each agar plate. The agar plates were placed in a cultivation jar equipped with AnaeroPack ® Campylo (Mitsubishi Gas Co., Ltd.). After cultivation at 37°C for 2 d under slightly aerobic conditions, survival or death of the bacteria was judged and the MIC was determined.
